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The synthesis of certain specifically W=S and N1, NB, and N=O 15N-labeled novel N-nitrosothioureas is 
described. A detailed study of their high-field 13C and 15N NMR parameters was performed, permitting assignment 
of individual one-, two-, three-, and four-bond coupling constants. Low-temperature 13C NMR studies in nonpolar 
solvents permitted the detection of several discrete conformers in the case of individual N-nitrosothioureas while 
variable temperature studies allowed a study of their equilibria. An analysis of the factors controlling the selection 
of preferred conformers is given as a prelude to a study of their stereoelectronically controlled decomposition 
under physiological conditions. 

We recently described the general synthesis of the 
hitherto elusive N-nitrosothioureas.' This new class of 
compounds is of interest because of their relationship to 
the l-(2-chloroethyl)-3-alkyl-l-nitrosoureas (CENUs) which 
have widespread clinical application in the treatment of 
a range of human malignancie~.~-~ 

Nucleophilic addition to the amide carbon of CENUs 
under physiological conditions appears to be the initiating 
event leading to the release of electrophiles which attack 
cellular macrom~lecules~~~ and which may therefore be 
ultimately responsible for the expression of anticancer 
properties. I t  follows that changing the amide group to 
a thioamide group in CENUs may change a number of 
factors including bond order, conformation, atomic size, 
and steric hindrance effects which control reactivity. 

We report the application of high-field 15N and 13C NMR 
to the study of the structural and conformational char- 
acteristics of N-nitrosothioureas. This necessitated the 
synthesis of certain specifically 15N- and 13C-labeled com- 
pounds. The latter conformational properties are pertinent 
to attempts to correlate their stereoelectronically controlled 
aqueous generation of electrophiles6 with their biological 
properties. 

Synthesis of Specifically Labeled 
N-Nitrosothioureas 

N-Nitrosothioureas 1-11 may be prepared by nitrosation 
of the corresponding thiourea under carefully controlled 
low-acidity (0.07-0.1 N HC1) conditions in yields of 
60-90% The required specifically 15N-labeled sym- 
metrical thioureas 12 and 13 were prepared by reaction of 
carbon disulfide with (95% ) 15N-enriched labeled primary 
amines which are available commercially. 15N-labeled 
unsymmetrical thioureas 16 were prepared by reaction of 
an alkyl isothiocyanate with an 15N labeled primary amine. 
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The thioureas were examined by 15N NMR, lH NMR and 
mass spectrometry to confirm the position and extent of 
substitution. When the additional nitroso 15N-labeled 
N-nitrosothioureas 2a, 3a, and 7a were required this was 
accomplished by treating the corresponding thioureas with 
Na15N0, in 0.07 N H c l . ' ~ ~  The I5N-labeled imidazol- 
idinethione 16 required for conformational studies and 
assignment of 15N coupling constants was prepared by the 
reaction of 15N-labeled ethylenediamine with carbon di- 
sulfide and nitrosated to give 12a as shown in Scheme I. 
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Scheme I 

Lown and Chauhan 

2a, R = H 
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labeled phosgene (90% 13C enrichment) as described 
previously.' The I5N-labeled nitroso group was then in- 
troduced as before employing the low acidity 0.07 N HCl 
procedure. The extents of the incorporation of 13C and 
15N were confirmed by 13C NMR, 15N NMR and mass 
spectra. 

Nuclear Magnetic Resonance Spectra of 
N-Nitrosothioureas 

The 'H NMR spectral characteristics of N-nitrosothio- 
ureas have been reported. 

15N NMR Spectra. The high sensitivity of 15N NMR 
to molecular interaction, hydrogen bonding, and dynamic 
changes in solution as well as the possibility of detecting 
the diazohydroxide, during their decomposition under 
physiological conditions prompted us to examine the 15N 
spectra of nitrosothioureas. 

Chemical Shifts. There have been few reports con- 
cerning the 15N shifts in thioureas. However, it is known 
that they depend strongly on the nature of attached alkyl 
groups, i.e., 6 73.5, 110.5, 112.3 and 128.0 for the methyl, 
ethyl, n-propyl, and cyclohexyl symmetrical thioureas in 
acetone.1° Upon N1-nitrosation of thioureas, the corre- 
sponding N3 nitrogens of N-nitrosothioureas appear at  6 
98.5, 134.2, 132.2, and 142.3 in the same solvent (acetone). 
The 15N chemical shifts of the N1 nitrogens of the N -  
nitrosothioureas appear in the range of 6 273.6-285.3 and 
show a strong substituent dependence (see Table I). 
These differences in chemical shifts may be due to changes 
in the sp3 character of the nitrogen lone pair and to its 
delocalization. 

The 15N chemical shift of the 15N=0 resonates slightly 
upfield a t  6 552.2-560.9 relative to the N=O group in 
nitrosoureas6 (6 559.9-569.3) in the same solvent, indicative 
of less electron delocalization in the former case. The 
15N=0 chemical shifts also move downfield upon in- 
creasing the solvent polarity and basicity which may be 

(10) Martin, M. L.; Filleux-Blanchard, M. L.; Martin, G. J.; Webb, G. 
A. Org. Magn. Reson. 1980, 23, 396. 

Table I. 15N Chemical Shifts of N-NitrosothioureasQ 
chemical shift, 6 solvent 

(concn, M) NH >N N=O 

1 CHCl, (1) 98.5 273.7 556.0 
2a acetone (0.01) 134.2 286.2 560.3 
2 CHC1, (1) 130.5 285.3 556.1 
2a CHCl, (0.01) 129.6 285.0 556.1 
3a CHCl, (0.01) 126.5 284.6 555.3 
3a acetone (0.01) 132.2 285.3 561.7 
3a Me,SO (0.01) 141.4 286.0 561.4 
3a CF,CH,OH (0.01) 131.4 284.0 556.4 
4a CHCI, (0.01) b b 558.8 
5 CHCl, (I) 118.0 276.6 559.6 
6 CHCI, (1) 141.9 273.6 555.5 
7 CHCl, (1) 141.1 285.2 552.2 
9 CHCl, (0.01) 142.2 b 556.9 
10 CHCl, (1) 142.6 275.8 557.5 
11 CHC1, (1) 143.9 279.5 557.7 
7a acetone (0.01) 145.8 b 560.3 

(I Proton-decoupled spectra were recorded by using di- 
methylformamide as an external standard, and values were 
reported with NH, as 0.0 ppm; 80 000-85 000 scans were 
required for the natural-abundance spectra with 0.05 M 
tris(acety1acetone)chromium as a relaxing agent. Approx- 
imately 500-100 scans are required for I5N-enriched com- 
pounds. b Unenriched nitrogens were not observed for 
the concentration and number of scans used. 

attributed to solvent interaction with the nitrogen lone pair 
in N-N bond rotation (vide infra). 

15N-lH Coupling. The one-bond coupling constants in 
nitrosothioureas show values of 89.2-89.6 Hz in chloroform 
and increase to 92.7 Hz in more polar solvents, e.g., ace- 
tone. In the case of the cyclic nitrosothiourea 15 in acetone 
the lJ(15N-'H) is 100.0 Hz. A similar high value of the 
one-bond coupling has been observed in the case of cyclic 
ureasll and peptides as well as thiohydrazides where the 
N-H proton may be out of the plane of the C=S bond.12J3 

(11) Kricheldorf, H. R. Org. Magn. Reson. 1980, 14, 198. 
(12) Yavari, I.; Roberta, J. D. Org. Magn. Reson. 1980, 14, 61. 
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The values of lJ(15N-'H) observed for the nitrosothioureas 
in (CD3)&30 of 91.2 Hz is close to the reported trans 
coupling constant in the case of peptide b ~ n d . ~ J ~  

There is no detectable 3H15N-1H interaction between 
the 15N=0 and protons a to the N1 nitrogen in either 
nonpolar (CDCl,) or polar [(CD,),SO] solvents. This result 
which is in contrast to the N-nitrosoureas6 may indicate 
that the alkyl group is syn to the N=O group or that they 
are not coplanar.14J5 Four-bond couplings 4J(15N(N= 
O)-'H) have been reported to be smalP but in the N- 
nitrosothioureas 2a and 3a are in the range of 1.6-2.1 Hz, 
while a higher value of 4.0 Hz is obtained in the case of 
15 in acetone which may well adopt a W conformation. 

15N-15N Coupling. The one-bond coupling constants 
for N-nitrosothioureas are in the range of 21.8-22.4 Hz and 
are greater than other reported lJ(15N-15N) va lue~,~J ' J~  
and may be due to the electron withdrawal effect of the 
adjacent thiocarbonyl group (see Table 11). The two bond 
%J(15N-15N) values for N-nitrosothioureas are 0.5-1.0 Hz 
in contrast to the two bond coupling in nitrosoureas of 
2.0-3.0 Hz. The three-bond 3J(15N-15N) values in nitro- 
sothioureas are strongly solvent dependent in the range 
2.5-3.9 Hz compared with values of 1.4-2.8 Hz for nitro- 
soureas.6 

I3C NMR Spectra. A detailed study of the 13C NMR 
of nitrosoureas was warranted since specific 13C labeling 
of the carbonyl carbon of nitrosoureas has been informative 
in connection with the study of tetrahedral intermediates 
during their decomposition under physiological conditions! 
The 13C=S signals in thioureas appear at 6 181.21-182.75 
in CDC1, (Table 111) while the comparable carbons in 
nitrosothioureas appear at 6 179.21-181.26, which may be 
attributed to electron withdrawal by the nitroso group at 
the N1 nitrogen. The 13C chemical shifts of the a and 0 
carbons in  nitrosamine^'^ and nitroso-N-alkyl amino 
acidsz0Yz1 have been taken as characteristic of syn and anti 
orientations with respect to the nitroso group. The I3C 
resonances on the alkyl groups adjacent to the N1 nitrogen 
by analogy thereby indicate that they are syn to the nitroso 
group provided they are coplanar (Table 111). The 13C=S 
resonances of 10 at  -78 OC in acetone appear as two dis- 
tinct signals a t  6 177.98 and 180.12 which are ascribed to 
the two individual conformers (see below). Similar chem- 
ical shift differences of carbonyl carbons have been at- 
tributed to the existence of E and Z isomers in the case 
of hydrazides and related  structure^.^^-^^ 

15N-13C Coupling. The observed one-bond couplings 
1J(15N3-13Cm) in nitrosothioureas are 16.2-18.2 Hz (Table 
11), i.e., somewhat lower than those for their oxygen 
counterparts which are in the range 21.5-24.5 Hz. Simi- 
larly the V(15N1-13CC_o) values in nitrosothioureas appear 
in the range 12.5-13.6 Hz, substantially smaller than for 

(13) Sogn, J. A.; Gibbon, W. A.; Randall, E. W. Biochemistry 1973,12, 

(14) Walter, W.; Kubersky, H. P.; Schaumann, E.; Reubke, K.-J. 

(15) Fichman, A. J.; Wyssbrad, H. R.; Agosta, W. C.; Cowburn, D. J. 

(16) Witnowski, M.; Stefaniak, L.; Webb, G. A. Annu. Rep. NMR 

(17) Schultheiss, H.; Fluck, E. 2. Naturforsch. 1977, 32, 257. 
(la) Bonner, F. T.; Degani, H.; Akhtar, M. J. J. Am. Chem. SOC. 1981, 

(19) Gousenard, J. P.; Martin, G. J. Org. Magn. Reson. 1979,12,263. 
(20) Chow, Y. L.; Polo, J. Org. Magn. Reson. 1981, 15, 200. 
(21) Liberek, B.; Garkowski, J.; Plucinska, K.; Stachowiak, K. Org. 

(22) Bezhan, I. P.; Khrustalev, V. A.; Zelenin, K. N.; Nikolaev, B. P. 

(23) Potenza, J. A. J. Org. Chem. 1981, 46, 2490. 
(24) Kessler, H.; Zimmermann, G.; Foster, H.; Engel, J.; Oepen, G.; 

2100. 

Justus Leibigs Ann. Chem. 1968, 719, 210. 

Am. Chem. SOC. 1978, 100, 54. 

Spectrosc. 1977, 7, 117. 

103, 3739. 

Magn. Reson. 1982, 18, 143. 
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Table 111. ' 3C Chemical Shifts of N-Nitrosothioureas 

SN 
1 
2 
2 
2 
3 
3 
3a 
3 
4 
5 

chemical shift, 6 (coupling const, Hz)  
solvents 

CDCI, 
CDCl, 
acetone-d, a 
acetone-d, 
CDCl, 
acetone-d, a 
acetone-d, 
acetone-d, 
CDC1, 
CDCl, 

c=s 
181.26 
179.21 
180.50 
179.50 
180.10 
180.92 
180.16 
179.85 
180.34 
180.59 

6 CDCl, 178.81 
7 CDCl, 178.21 
8 CDCl, 178.62 
9 CDCI, 178.62 
1 0  CDC1, 178.20 

11 CDCI, 179.37 

c, c2 

30.72 
38.69 12.03 
38.99 12.28 
39.30 10.30 
44.73 20.37 
45.12 20.90 
45.08 20.94 
45.12 20.65 
41.88 68.42 
42.24 78.8 
('J~~c-F = ( ' J ~ ~ c - F  = 

23.8) 171.8) 
30.50 
38.64 12.05 
44.68 20.23 
41.80 68.63 
40.00 79.82 

45.10 59.95 

C, '  C,'C,' C,'C,' C,' c, 
32.93 
41.31 13.49 
42.00 13.48 
41.34 13.23 
47.95 20.66 11.49 11.25 
48.34 21.84 11.60 11.34 
48.42 21.88 11.78 11.33 
48.00 21.64 11.78 11.48 
44.97 69.42 58.92 58.81 
48.43 81.24 
( ' J~~C-F = ( ' J ~ ~ c - F  = 

20.0) 168.7) 
54.80 31.88 24.71 25.50 
54.70 31.89 24.71 25.50 
54.66 31.88 24.71 25.07 
54.82 31.87 24.68 25.54 58.82 
54.90 31.84 24.76 24.49 

53.08 31.78 24.66 25.44 

a All the spectra in CDCI, and acetone-d, were recorded at 31 "C. The spectra was recorded a t  -80 "C. The higher 
field position of thiocarbonyl carbon in acetone may be due to  a nitrogen-15 isotope shift in this case. 

the comparable values in nitrosoureas of 16.2-18.3 Hz. 
Carbon coupling constants depend on a number of factors 
including the Fermi contact term, hybridization, and bond 
order as well as solvent p ~ l a r i t y . ' ~ , ~ ~ , ~ ~  When compared 
in the same solvents, the lJ(15N-13C) values of both types 
for nitrosothioureas are significantly smaller which may 
reflect the lower electronegativity of the sulfur and the 
consequent lower delocalization and the lesser double bond 
character of the C-N bonds adjacent to sulfur and/or 
increased S character of the C=S carbon compared with 
nitrosoureas. 

The two-bond 2J(15NN=o-13CC=o) values in nitroso- 
thioureas are 3.2-4.0 Hz and are somewhat smaller than 
those for their oxygen counterparts of 3.7-5.1 Hz where, 
in the average conformation, the nitroso group is anti to 
the carbonyl group. The 2J(15NN+-13C1) coupling between 
nitrogen and the adjacent sp3-hybridized a carbon at  am- 
bient temperatures is <1.8 Hz which is indicative of a syn 
relationship between these  atom^.^^^^ The observed de- 
crease in the value of this type of coupling in the case of 
10a from 3.7 Hz at  263 K to 1.8 Hz at  300 K is attributed 
to an averaging of the coupling owing to C-N1 bond ro- 
tation and nitrogen pyramidal inversion., 

Conformational Preference in N-Nitrosothioureas 
in Solution 

At room temperature the natural-abundance 13C car- 
bonyl signals in N-nitrosothioureas are broad and of low 
intensity in the region of 6 178.21-181.26 which may be 
attributed to an unusually long relaxation time. At lower 
temperatures (-80 "C) the signals sharpen and increase 
in intensity without any significant changes in chemical 
shifts (see Figures 1 and 2). Specific enrichment of the 
thiocarbonyl carbon with 13C and of the nitroso group 
nitrogen with 15N and an examination of the I3C spectrum 
a t  different temperatures is informative since several 
different conformers (see Figure 3) are revealed by their 
chemical shifts and characteristic V(13C-15N) coupling 

constants. The presence of a single conformer for each 
nitrosothiourea (19-21) in nonpolar solvents such as 
CD2C12 and tetrahydrofuran-d, even at  -80 "C suggests 
that rotation about single bonds as well as atomic inversion 
of nitrogen is fast on the NMR time scale in these solvents. 

The sharp NH stretching and vibration band as well as 
the magnitude of the 2J(15N-13C) coupling constant be- 
tween the nitroso nitrogen and the thiocarbonyl carbon 
in 1 and 3 in CCll or CHC13 solution reveals that there is 
possibly a weak intramolecular hydrogen bond between 
the N3H and the nitroso nitrogen lone pair, but there is 
no evidence of a strong intramolecular hydrogen bond. 
Although discrimination between hydrogen bonding with 
the nitroso group oxygen and the nitroso group nitrogen 
lone pair in nonpolar solvents is difficult at  present, the 
high value of 2J(15N-13CC_o) = 3.8 Hz favors lone pair 
intramolecular hydrogen bonding under these conditions. 
A similar type of intramolecular hydrogen bonding with 
the unshared electron pair has been r e p ~ r t e d . ~ ~ , ~ ~  The 
variation of the values of the NH and NO 15N chemical 
shifts from CHC13 to (CD3)*S0 for 3a (Table I) appear to 
indicate that polar solvents may interact with the NH 
proton and the nonbonded electron pairs of the electro- 
negative atoms in the molecules.29 

The presence of two major conformers of N-nitroso- 
thiourea 18 in a ratio of 1:4 is detected at  -80 "C in ace- 
tone-d, at  6 180.79 [zJ(15N-13C) = 3.8 Hz; Figure 21. This 
indicates the importance of solvent effects which retard 
either the rate of rotation or of atomic inversion at  this 
temperature by interacting with the NH proton or the lone 
pair of the nitroso group nitrogen. Similar results were 
obtained with 18 by using ethanol-d, in which two con- 
formers were detected at  6 180.43 [2J(15N-13C) = 3.7 Hz] 
and 180.41 [zJ(15N-13C) = 3.7 Hz] which may not be at- 
tributed to the isotope shift due to the complete exchange 
from NH to ND under these  condition^.^^ The two signals 
persisted at  the same positions in the same ratio as was 
observed in acetone when solvent mixtures of acetone-d, 

(25) Levy, G. C.; Lichter, R. L. "Nitrogen-15 Nuclear Magnetic Reso- 
nance Spectroscopy"; Wiley-Interscience: New York, 1979. 

(26) Martin, G. J.; Martin, M. L.; Gouesnard, J. P. "I6N NMR Spec- 
troscopy NMR Basic Principles and Progress"; Springer-Verlag: West 
Berlin, 1981; Vol. 18. 

(27) Lichter, R. L.; Roberts, J. D. J.  Am. Chem. SOC. 1971, 93, 5218. 

(28) Hutton, A. T.; Irving, H. N. H. J. Chem. SOC., C.S. Perkin Trans. 
2 leRn 139 - - - - - I  

(29) Bachovchin, W. W.; Kanamori, K.; Vallee, B. L.; Roberts, J. D. 

(30) Coppola, G. M.; Doman, R.; Kahle, A. D.; Shapiro, M. J. J .  Org. 
Biochemistry 1982, 21, 2885. 

Chem. 1981, 46, 1221. 
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Figure 1. Proton-decoupled resolution-enhanced 13C NMR 
s ectra (Bruker WH200 instrument operating at 50.32 MHz) of 
'&=S-enriched 18-21 (a-d, respectively) in (CD3)&0 at - 80 
OC, employing 16K data pointa with a pulse width of 30 pa, a pulse 
angle of 3 6 O ,  and a repetition rate of 8.192 s. Gaussian multi- 
plication was applied to FID for resolution enhancement by em- 
ploying parameters GB = 0.2 and LB = 0.7. 

and dichloromethane-d2 were used. The decrease in in- 
tensity of the 6 180.41 resonance suggests that this peak 
is due to a conformer which is subject to solvent interac- 
tion. Similar results were obtained by using 13C-enriched 
nitrosothiourea 19 which showed different conformers a t  
-80 "C in acetone-d6 and ethan01-d~ but a single conformer 
in CD2C12 or THF-ds. Similarly, 13C-enriched N-nitroso- 
thiourea 20 in acetone-d6 a t  -80 "C reveals the existence 
of four distinct conformers: 6 180.22 [2J(16N-'3C) = 3.8 
Hz], 180.16 (2J = 3.8 Hz), 180.12 (2J = 3.8 Hz), and 180.10 
(2J = 3.8 Hz). The progressive effect of increasing the bulk 
of the N, substituent in the N-nitrosothioureas on the 
preferred conformations in a given solvent is evident in 
the case of 18-21. It may be seen from Figure 1, which 
shows the 13C=S signals of the specifically enriched com- 
pounds in (CD,),CO at  -80 "C, that in each case there are 
two major conformers. As the steric bulk of the N3 sub- 
stituent increases from CH3 to CH3CH2 to CH3CH2CH2, 
to cyclohexyl, the ratio of the two preferred conformers 
progressively changes from 1:4 to 4:l. One contributing 
factor may be that as the bulk of R3 increases the NH 
proton becomes less accessible to interact with the solvent. 

In the case of 20 the 13C peaks at  6 180.10 and 180.12 
diminish as the temperature increases and are undetectable 
a t  20 "C while the 6 180.16 and 180.22 peaks broaden and 
collapse at  40 "C (Figure 2). The temperature dependence 
signifies rotation about the single bonds and/or pyramidal 
inversion of the N1 nitrogen atom or an inversion at  the 
trigonal nitroso nitrogen atom. During pyramidal inversion 
the atom passes through a transition state in which the 
lone pair resides in a pure p orbital and in which the bonds 
from the central atom are sp2 in character.,' In N- 
nitrosothioureas the N1 nitrogen is conjugated with two 
*-acceptor groups, S=C-NR and N=O, the effect of 

J. Org. Chem., Vol. 48, No. 4, 1983 517 

1 

-10 

+30 

180.6 180.5 180.4 180.3 180.2 180.1 180.0 179.9 

Figure 2. Proton-decoupled resolution-enhanced 13C NMR 
signals due to 90% 13C=S-enriched 20 in (CD&CO revealing the 
existence of discrete conformers at different temperatures. The 
experimental conditions for the resolution-enhanced spectra were 
as described in the legend for Figure 1. 

which is to lower the barrier to inversion below the range 
of detection by NMR methods. If the lone pair of the N1 

(7 tJ=O 

nitrogen is hydrogen bonded with the solvent, however (see 
below), the rate of pyramidal inversion is substantially 
slowed. Solvent interactions of this type have been re- 
ported by in the example of nitrosoamide photo- 
lysis. 

In the case of unsymmetrically substituted N-nitroso- 
thioureas there are eight types of possible conformations 
to be considered (Figure 3, a-h). Nonbonded steric in- 
teractions between the alkyl groups render conformers c, 

(31) Lambert, J. B. Top. Stereochem. 1971, 6, 19. (32) Chow, Y. L. ACS Symp.  Ser. 1979, No. 101,32 .  
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Figure 3. Alternative conformers of N-nitrosothioureas. 

f, and g unfavorable. The ?r-bond repulsion between the 
C=S and N=O groups in conformers g and h also make 
these conformations unfavorable while the absence of any 
firm evidence for intramolecular hydrogen bonding tends 
to exclude conformer d. The infrared spectra of the N- 
nitrosothioureas in nonpolar solvents thus favor the re- 
maining conformers a and e over b where the NH proton 
is trans to the C=S bond. 

A differentiation between conformers a and e in indi- 
vidual cases may be made by invoking the Edward-Lem- 
ieux which, in this case, predicts that the Z 
conformer, in which the N1 lone pair orbital is antiperi- 
planar to the C=S bond, is more stable than the E con- 
former. In addition, antiperiplanar orbitals on pyramidal 
nitrogen are disfavored energetically compared with the 
structure which contains the maximum number of gauche 
 interaction^.^^.^^ The magnitude of the dihedral angle 
between adjacent lone pairs may also be decisive in de- 
termining the rate of inversion at  both nitrogens and the 
rate of rotation about The N1-NNO bond. Such factors 

(33) Edward, J. T. Chem. Ind. (London) 1956, 1102. 
(34) Lemieux, R. U.; Chu, N. J. "Abstracts of Papers", 133rd National 

Meeting of the American Chemical Society, San Francisco, Apr 1958; 
American Chemical Society: Washington, DC, 1958; p 31. 

(35) Wolfe, S. Acc. Chem. Res. 1972, 5, 102. 
(36) Nelson, S. F.; Kinlen, P. J.; Evands, D. H. J. Am. Chem. SOC. 

1981,103, 7045. 

k H R 
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might govern the thiocarbony. react.. .-y and proton-ac- 
cepting abilities of nitrogens as in the case of hydrazine23 
and hydrazines.37 A discussion of the implications of the 
conformational analysis and stereoelectronic control3' in 
the alternative pathways of decomposition adopted by the 
individual conformers of those novel N-nitrosothioureas 
under physiological conditions will appear in a subsequent 
publication. 

Experimental Section 
The IR spectra were recorded on a Nicolet 7199 FT spectro- 

photometer and only the principal, sharply defined peaks were 
reported. The 'H NMR spectra of the intermediates were re- 
corded on Perkin-Elmer 90 and Varian HA-100 analytical spec- 
trometers, and those of the final nitrosoureas were recorded on 
Bruker WH-200 and WH-400 spectrometers. The spectra were 
measured on approximately 5-10% (w/v) solutions, depending 
upon the spectrometers, in appropriate deuterated solvents with 
tetramethylsilane as an internal standard. Most of the 13C spectra 
were recorded on a Varian HA-60 and Bruker HEX-90 spec- 
trometers, relative to tetramethylsilane. The 13C spectra of 
specifically 15N-labeled compounds were recorded on a Bruker 
WH-200 spectrometer. 

The 15N spectra were recorded on a Bruker WH-200 spec- 
trometer operating at  20.283 MHz. The spectra were recorded 
by using dimethylformamide as an external reference, and 

(37) Deslongchamps, P. Heterocycles 1977, 7, 1271. 



Conformation of Novel N-Nitrosothioureas 

chemical shift values are reported relative to 10-20% ammonia 
at 0.0 ppm with the respective deuterated solvent as a lock signal. 
Most of the proton-decoupled natural-abundance 15N spectra were 
obtained by using a 1 M sample solution with 0.05-0.1 M Cr- 
(AcAc), in a 20-mm-diameter tube after 80-86K scans. The 
spectra of specifically labeled compounds were recorded with 0.01 
M solutions with or without Cr(AcAc), (0.01-0.1 M) by using 
approximately 1-4K scans. 
Materials. The required alkylamines were obtained from 

Aldrich, and alkyl isothiocyanates were obtained from Trans 
World Chemicals. Sodium nitrite-15N (95-99%), carbon-13C 
disulfide (go%), and ethylamine-15N hydrochloride (95%) were 
obtained from Merck Sharp and Dohme. P r ~ p y l a m i n e - ~ ~ N  hy- 
drochloride was prepared from potassium phthalimide-15N (99%) 
and propyl iodide as described for 2-~hloroethylamine-'~N hy- 
drochloride! 1,3-Diaminopr0pane-'~iV~,'~N~ dihydrochloride was 
prepared from potassium phthalimide-15N (99%) and 1,3-di- 
bromopropane by following the literature procedure.3s Cyclo- 
hexy1amine-l5N was prepared from the reduction of aniline-15N 
(99%) with hydrogen in the presence of 5% Pd on alumina by 
following the literature procedure! The following nitrosothiourem 
were prepared by following the method described in the preceding 
paper.' Nl,N3-dimethyl-N1-nitrosothiourea (I), mp 46 "C; 
N,,N,-diethyl-N,-nitrosothiourea (2), heavy oil; Nl,N3-di- 
propyl-Nl-nitrosothiourea (3), heavy oil; N1,N3-(2-methoxy- 
ethyl)-N1-nitrosothiourea (4), oil; Nl,N3-bis(2-fluoroethy1)-N1- 
nitrosothiourea (5), mp 23 "C; N3-cyclohexyl-Nl-methyl-Nl- 
nitrosothiourea (6), mp 35-36 "C; N3-cyclohexyl-Nl-ethyl-Nl- 
nitrosothiourea (7) mp 42 "C; N3-cyclohexyl-N,-n-propyl-N,- 
nitrosothiourea @), heavy oil; N,-cyclohexyl-Nl-(2-methoxy- 
ethyl)-Nl-nitrosothiourea (9), heavy oil; N3-cyclohexyl-N1-(2- 
fluoroethy1)-Nl-nitrosothiourea (lo), mp 51-52 "C; N3-cyclo- 
hexyl-Nl-(2-hydroxyethy1)-Nl-nitrosothiourea (1 l), mp 55-57 "C. 

3-Nitrosoimidazoline-2-thione (12) was prepared from im- 
idazoline-2-thione ['H NMR (Me2SO-d6) 6 3.50 (s,4 H, CHJ, 8.00 
(br m, 2 H, NH, exch); 13C NMR (Me2SO-d6) 6 44.00 (C4, C5), 
183.49 (C=S)] and NaN02/0.1 HC1 by following the literature 
procedure:39 'H NMR (Me2SO-d6) 6 3.45 (s,4 H, CH,), 10.40 (br 
m, 1 H, NH exch); 13C NMR (acetone-d,) 6 42.71 (C-5),44.36 (C-4), 
180.14 (C=S); MS, m / e  (relative intensity) 131.0155 (100.00, M+; 
calcd 13 1.0153). 

l-(2'-Hydroxyethyl)-3-nitrosoimidazoline-2-thione (13). 
1-(2'-Hydroxyethyl)imidazoline-2-thione was prepared according 
to the method of Mckay and V a v a ~ o r : ~ ~  85% yield; mp 135 "C 
(lit.41 mp 136.5-137.5 "C); NMR Me2SO-d6) 6 5.50 (br m, 8 H, 
CH,), 4.75 (br m, 1 H, OH, exch), 8.00 (br m, 1 H, NH, exch); 
13C NMR (Me2SO-d6) 6 182 (C==@, 58.85 (Ci),  49.16 (C4), 48.56 
(Cl'), 40.95 ((3. The above 1-(2'-hydroxyethyl)imidazoline-2- 
thione (2.80 g, 0.02 mol) and sodium nitrite (1.4 g, 0.02 mol) in 
dichloromethane were treated with dilute HC1 (0.1 N, 200 mL) 
dropwise during 1 h. The reaction mixture was stirred for 30 min 
at  0 "C. The organic layer was removed, washed with water, and 
dried (Na2S04). The solvent was removed under reduced pressure, 
and the residue was crystallized from ethanol to afford 13: 2.52 
g (75% yield); mp 128 "C (lit.41 mp 127-128 "C); IR (KBr) 3415 
(NH), 1530 (CNH), 1445 (N=O) 1210,1145 (C=S) cm-'; NMR 
(Me2SO-d6) 6 3.82 (m, 4 H, CH,), 3.95 (s, 4 H, CH2), 4.85 (m, 1 
H, OH exch); 13C NMR (Me2SO-d6) 6 42.18 (C-5), 48.15 (Ci), 49.48 

3-(Nitr0so-'~N)-imidazoline-2-t hione-l,3 J5N2 (12a). Im- 
ida~oline-2-thione-l,3-'~N~ [16: NMR (acetone-de) 6 3.8 (m, 4 H, 
CH,), 7.0 (d, 2 H, NH, 15JN+, = 100.0 Hz)] was prepared from 
CS2 and l,2-diaminoethane-l,2-l5N2 hydrochloride (1.50 g, 10 
mmol) with an equivalent amount of sodium hydroxide by re- 
fluxing for 12 h. The solvent was removed under reduced pressure 
and the residue was extracted with ethyl acetate to afford 520 
mg (50%) of 16 which was nitrosated with Na15N02 (360 mg, 5 
mmol) in the presence of 0.7 N HCl at  -5 "C. After the usual 
workup the 3-nitrosoimidazoline-2-thione (12a; 200 mg, 30% yield) 

(C-4), 57.14 (Ci) ,  175.98 (C=S). 
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was obtained as yellow crystals: 'H NMR (acetone-d,) 6 3.90 (m, 

Hz, 4J('5NH-'5N=O) = 4.0 Hz); MS, m / e  (relative intensity) 
134.0065 (100.00; calcd for C3H515N30S, 134.0065). 

1,3-Dipropyl-l-(nitroso-15N)-thiourea-l ,3-15N2 (3a). To 
a solution of CS2 (0.5 g, 7.0 mmol) and propylamine-15N hydro- 
chloride (0.96 g, 10.0 mmol) in water (50 mL) was added sodium 
hydroxide (0.4 g, 10.0 mmol) in water (25 mL) dropwise with 
stirring, and the reaction mixture was refluxed for 10 h, until the 
evolution of H2S ceased. The solvent was removed under reduced 
pressure. The solid residue was extracted with CHC1, (3 X 50 
mL) and dried (Na2S04), and the solvent was removed to afford 
520 mg (64% yield) of thiourea 15: mp 65 "C; 13C NMR (CDCI,) 

180.50 (d, C=S, 1J('3C-'5N) = 16.5 Hz); MS, m / e  (relative in- 
tensity) 162.0973 (100.00; calcd for C7H16N2S, 162.0975); 15N NMR 
(acetone-d,) 109.3 ppm. 

The above thiourea (400 mmol, 2.5 mmol) was nitrosated with 
Na15N02 (350 mg, 5.0 mmol) in the presence of 0.1 N HC1 (60 
mL), and after the usual workup the nitrosothiourea 3a was 
obtained 350 mg (73%); heavy oil; 'H NMR (acetone-d,) 6 0.85 
(t, 3 H, CH,), 1.00 (t, 3 H, CH3), 1.46 (m, 2 H, CH,), 1.82 (m, 2 
H, CH,), 3.85 (m, 2 H, CH,), 4.20 (t, 2 H, CH,), 9.85 (dtdd, 1 H, 
NH, exch, 'J(15N3-H) = 92.7 Hz, ,J(H-H) = 5.5 Hz, ,J(15N1-N3H) 
= 1.8 Hz, 4J('5NN20-N3H) = 1.8 Hz; MS, m / e  (relative intensity) 
192.0847 (17.08, M+; calcd for C7Hl,'5N30S, 192.0847), 161.0897 
(52.47; calcd for C7H1515N2S, 161.0897), 90.0578 (1.20; calcd for 
C3HJ5N20, 90.0577), 59.0652 (100.00, calcd for C3Ha5N1, 59.0627). 

1,3-Diethyl-l-(nitr0so-~~N)thiourea-l ,3-15N2 (2a). A solu- 
tion of CS2 (280 mg, 5 mmol) and ethylamine-15N hydrochloride 
(500 mg, 5 mmol) in the presence of sodium hydroxide (150 mL) 
with the method described for 3a afforded 1,3-diethylthiourea- 
1,3-15N2 (14): 480 mg (72% yield); mp 78 "C; 13C NMR (CDCl,) 

C=S 1J('5N-13C) = 16.5 Hz); 15N NMR (acetone-d,) 109.3 ppm; 
MS, m / e  (relative intensity) 134.0662 (100.00, calcd for C5- 
H1215N2S, 134.0662), 73.0554. The above thiourea (14) was ni- 
trosated with Na15N02 in 0.7 N HC1 to afford the nitrosothiourea 
2a as a viscous oil: 350 mg (64% yield); MS, m / e  (relative in- 
tensity) 164.0537 (19.82, M+; calcd for C5H1115N30S, 164.0534), 
133.0587 (100.00; calcd for C5H11'5N2S, 133.0583), 76.0423 (5.96; 
calcd for C2H25N20, 76.0421). 
3-Cyclohexyl- 1 -ethyl- 1- (nitroso- 15N) t hiourea-3 - 15N (7a). 

A solution of ethyl isothiocyanate (700 mg, 8 mmol) and cyclo- 
hexylamine-15N (800 mg, 8 mmol) in ether (100 mL) was stirred 
for 12 h at  ambient temperature and after the usual workup gave 
the thiourea 17 1.10 g (73% yield); 'H NMR (acetone-d,) 6 1.15 
(t, 2 H, CH,), 1.20-2.20 (m, 10 H, CH,), 3.52 (m, 2 H, CH,), 4.20 
(br m, 1 H, H{ axial), 6.85 (dd, 1 H, NH, exch, 'J(15N-H) = 90.0 
Hz, ,J(H-H) = 8.0 Hz); MS, m / e  (relative intensity) 187.1161 
(100.00; calcd for CgH18H15NS, 187.1161), 99.0939 (48.81; calcd 
for C6H1,"N, 99.0857). The above thiourea (1.0 g, 5.3 mmol) was 
nitrosated with Na15N02 (420 mg, 6.0 mmol) in the usual manner 
to afford 600 mg (63%) of nitrosothiourea 7a: 'H NMR (ace- 
toned,) 6 1.00 (t, 2 H, CH3), 1.10-2.20 (m, 10 H, CH2), 4.20 (4, 
2 H, CH,), 4.40 (m, 1 H, Hl', axial), 9.30 (ddd, 1 H, NH, exch, 
'J(15N-H) = 91.0 Hz, ,J(H-H) = 8.0 Hz, 3J('5N=O) = 8.0 Hz); 
MS, m / e  (relative intensity) 187.1161 (100.00; calcd for 
CgH18N15NS, 187.1161), 99.0939 (48.81; calcd for C6H12'5N, 
99.0857), 186.1085 (78.95, M+ - 15NO; calcd for C9H17N15NS, 
186.1084), 152.1201 (3.12; calcd for CgH15N15N, 152.1201), 99.0941 
(100.00; calcd for C6H125N, 99.0941); l3C NMR (acetone-d,) 12.24 

4 H, CH,), 9.45 (ddd, "J(N-H) = 100.0 Hz, ,J(l5NH-N1) = 4.0 

6 11.14 (C3, C;), 22.39 (C2, C;), 46.06 (d, 1J('3C-'5N) = 10.5 Hz), 

14.53 (C2, C;), 39.20 (d, C1, C i ,  1J('5N-13C) = 10.5), 181.32 (d, 

(C,), 25.73 (C;, C{), 26.11 (CL), 31.88 (C;, C;), 39.22 (CJ, 55.95 
(C{, J('5N-'3C) = 10.5), 178.70 (1J('5N-13C) = 18.4, 2J(15N-'3C) 
= 4.1 Hz). 
1,3-Dimethyl-l-(nitr0so-'~N)thiourea-~~C (18). This com- 

pound was prepared as described previously.' 
1,3-Diethyl-l-(nitr0so-~~N)thiourea-'~C (19). The 1,3-di- 

ethylthiourea was obtained (710 mg, 82% yield) from CS2 (0.5 
g, 90% 13C enriched, 6.5 mmol) and ethylamine (900 mg, 10.0 
"01) in water with stirring for 2 h at room temperature, refluxing 
for 12 h, and the usual workup: MS, m / e  (relative intensity) 
133.0756 (100.00; calcd for C413C1H12N2S, 133.0755), 72.0648 (12.72; 
calcd for C213C1H7N2, 72.0643). 

The above thiourea (660 mg, 5 mmol) was nitrosated with 
Na15N02 (420 mg, 6 mmol) in the usual manner to afford 550 mg 

(38) Popplewell, D. S.; Wilkings, R. G. J. Chem. SOC. 1955, 2521. 
(39) Szoke, S.; Szentmiklosi, P.; Kormoczy, G.; David, A.; Horvath, G.; 

Ritter, S. Hungarian Patent 152 194,1965; Chem. Abstr. 1965,63,13274. 
(40) Mckay, A. F.; Vavasor, G. R. Can. J .  Chem. 1954,32, 59. 
(41) Olszenko-Portkov, Z.; Urbanski, T. Bull. Acad. Pol. Sci., Ser. Sci. 

Chim. 1969, 17, 351. 
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(65%) of 1,3-diethyl-l-(nitr0so-~~N)-thiourea-’~C (19): MS, mle 
(relative intensity) 163.0626 (52.32; calcd for C413C1HllN215N10S, 
163.0626); 132.0676 (100.00; calcd for C413C1H11N2S, 132.06761, 
88.0181 (18.98; calcd for C2l3C1H5NS, 88.0176). 

1,3-Dipropyl-l-(nitroso-15N)thiourea-13C (20). A solution 
of l3CSZ (0.5 g, 90% 13C, 6.5 mmol) and propylamine (0.7 g, 10.2 
mmol) in water (100 mL) was stirred for 2 h at room temperature 
and refluxed for 12 h. The solvent was removed under reduced 
pressure, and the residue was triturated with petroleum ether to 
afford 1,3-dipropylthio~rea-’~C 810 mg (82%); 13C NMR (ace- 
tone-d,) 6 11.62 (c3, c3/), 23.16 (cz,  ci), 46.46 (c l ,  cl’), 184.15 
(C=S); MS, mje (relative intensity) 161.1068 (77.85; calcd for 
C613C1H16N2S, 161.1068), 58.0682 (~00.00; calcd for CBH~N,  
58.0657). 

The above thiourea (800 mg, 50 mmol) was nitrosated with 
Na15N02 (0.4 g, 5.7 mmol) and 50 mL (0.1 N HCl) at -10 “C, and 
after the usual workup it afforded N-nitrosothiourea 20: 650 g 
(68% yield); an oil; MS, mle (relative intensity) 191.0938 (21.36; 
calcd for C613C1H15N215N10S, 191.0940); 160.0989 (46.58; calcd 
for C613ClH15N2S, 160.0989), 58.0682 (100.00; calcd for C3H8N, 
58.0657). 
3-Cyclohexyl-l-ethyl-l-(nitroso-15N)thiourea-13C (21). To 

a solution of cyclohexylamine (680 mg, 6.8 mmol) and excess of 
triethylamine (2 mL) in water (25 mL) was added slowly a solution 
of 1,3-diethyl-l-nitro~othiourea-~~C (1.10 g, 6.8 mmol) in ether 
(10 mL), and the reaction mixture was stirred a t  ambient tem- 
perature for 12 h. The solid which separated was collected and 
washed with petroleum ether to afford the 3-cyclohexyl-l- 
ethylthiourea-13C 1.0 g (79% yield); 13C NMR (CDCl,) 14.29 (Cz), 

180.39 (C=S); MS, mle (relative intensity) 187.1218 (100.00; calcd 
for C813ClH8NzS, 187.1225), 89.0254 (15.24; calcd for C213ClH6NS, 
89.0254). 

The above thiourea (930 mg, 50 mmol) was nitrosated with 
Na15N02 (500 mg, 7.1 mmol) by the usual procedure to afford 630 

24.77 (Ci,  C5/) 25.45 (Ci), 33.04 (Ci,  C6/), 39.00 (CJ, 53.12 (Cl’), 
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mg (56% yield) of 3-cyclohexyl-l-ethyl-l-(nitroso-15N)thiourea-13C 
(6a): 13C NMR (acetone-d,) 6 12.24 (Ci),  25.74 (C3, H i ) ,  26.24 

= 3.7 Hz); MS, mle (relative intensity) 217.1095 (1.49; calcd for 
C813ClH17N215N10S, 217.1095), 186.1146 (50.07; calcd for 
C813C1H17N2S, 186.1146), 98.0966 (100.00; calcd for C8H12N, 
98.0970). 

Note: All N-nitrosothioureas should be handled with extreme 
care owing to the potential mutagenicity. 
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Deuterium labeled compounds are used to define the stereochemistry and regiochemistry of the electron impact 
induced elimination of acetic acid from trans,trans-1-decalyl acetate and trans,cis-1-decalyl acetate. Both 
compounds fragment with very predominant equatorial (2a) hydrogen abstraction. Since the trans equatorial 
hydrogen of the trans,trans-acetate 3 cannot be approached within the requisite 1.8 8, by the acetate carbonyl 
in any boatlike conformer, this result demonstrates that hydrogen abstraction largely occurs from the chair conformer 
of the intact cyclohexyl ring. The regiochemistry of the Norrish type I1 photolysis of the corresponding phenylacetate 
5 is also consistent with predominant C-2a hydrogen abstraction, while the pyrolysis of the acetate 3 exhibits 
different regiochemistry. The similarity between mass spectral and photolytic behavior and the difference between 
mass spectral and pyrolytic behavior suggest that the mass spectral process is nonconcerted. Although the tertiary 
C-8 hydrogen has a greater intrinsic migratory aptitude than the secondary C-2 hydrogens, stereochemical effects 
clearly are predominant in the mass spectral behavior of these acetates. 

The well-known bond lengths and angles of the chair 
conformer of the cyclohexyl ring have been exploited to 
elucidate the stereochemistries and mechanisms of many 
reactions. Mass spectroscopists have generally not at- 
tempted analogous studies on electron impact induced 
fragmentations because many of these reactions apparently 
occur through highly excited, conformationally ill-defined, 
boatlike conformers. For instance, the dehydration of 
cyclohexanols by electron impact is a 1,4-elimination 
through such boatlike conformers.’ The elimination of 

(1) For a review see: Green, M. M. Top. Stereochem. 1976, 9, 35. 
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acetic acid from 1-tetralyl acetate has also been found to 
involve almost exclusive 1,6elimination via a boatlike 
conformer.2 In contrast, however, evidence has been ad- 
vanced that cis- and trans-4-alkylcyclohexyl acetates, 
several related cyclohexyl derivatives, and trans,trans- and 
trans,cis-2-decalyl acetates undergo y-hydrogen abstrac- 
tion predominantly while in the stable chair conforma- 
t i ~ n . , - ~  A major piece of evidence on behalf of this hy- 

(2) Wojinski, S.; Gross, M. L. Org. MQSS. Spectrom. 1979, 14, 135. 
(3) Eadon, G.; Gold, P.; Bacon, E. J .  Am. Chem. SOC. 1975,97,5184. 
(4) (a) Eadon, G. J .  Am. Chem. SOC. 1976, 98, 7313. (b) Eadon, G.; 

Jefson, M. J.  Org. Chem. 1976,41, 3917. 
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